A simple parametrization has been developed for the proton-neutron bremsstrahlung amplitude which reproduces the results of a meson exchange potential model including the convection, magnetization, and the two-body current contributions. Our parametrization maintains the important role of exchange contributions at high photon energies. We apply the model to the description of energetic photon production in heavy ion induced reactions.
I. INTRODUCTION
In the last few years high energy photon production in heavy ion collisions has been studied both experimentally'
and theoretically ' since it contains information about the nuclear reaction dynamics. Among various photon production mechanisms suggested, incoherent nucleon-nucleon (NN) collisional bremsstrahlung seems to be the most likely source of these energetic photons. section arising from the magnetic current) one can easily obtain a factor of 3 or more in the photon emission amplitude going from the diagonal spin approximation to the exact T matrix. Therefore, in order to account for this fact, we distinguished the T matrix involved in the convection current contribution (T""") from that of the magnetic current (T, "). Practically, we can consider T, " to be proportional to T""".
For the two-body current contribution, where the one-pion exchange dominates, we assume a functional dependence on momentum transfer based on the long wavelength limit of the one-pion exchange potential amplitude. We write the photon amplitude as ( e, k; p'S'Ms I V",h IO; pSMs ) = -2e 3.00 x 10-' 2.27 X 10 2.50x 10-'
We emphasize that because of the strong momentum dependence it is crucial for the parameters to depend on Indeed, one cannot reproduce the exact results if one assumes that T"", and T, "depend only on E. Since the T matrix is a complex quantity the parameters in Eq.
(2.5) should be, in principle, complex numbers. However, as we shall show, it is enough to consider them as real numbers in order to obtain a good fit to the exact results.
Also, as we have discussed before, T, " is chosen to be proportional to T""". However, these authors used a fireball model rather than the more realistic first-chance collision model ' employed here.
At lower incident energies, an early attempt to describe the data based on the coherent mean field potential mechanisms failed completely. ' We may now ask about the NN collisional mechanism. Of course, as has been mentioned, the double Fermi sphere geometry is probably inadequate for modeling the phase space distribution, especially lower incident energies, but as we have seen it seems to work reasonably well in reproducing the overall features of the data at higher incident energies. Therefore, it is of interest to see how it works here. As one can see in Fig. 4 , the calculation predicts quite nicely the data of Gossett' at an incident energy of 10 MeV/N in the high energy region. In the region around co=10 -15
MeV we observe the dipole contribution which cannot be described in the present model. For lower photon energies the statistical process dominates. ' In Ref. 16 we have also made a rough estimate of the NN collisional mechanism obtaining a cross section which was an order of magnitude smaller than the data. However, at this low incident energy the T matrix involved in the calculation has a rather strong momentum dependence, a feature which has not been taken into account in the simple estimate of Ref. 16 . Recently, Reff'o et al. ' have proposed that these ultradipole photons originate from preequilibrium excitation of the giant dipole resonance (GDR). Basically, they inverted experimental GDR photon absorption cross section using detailed balance to get the photon emission rate and then combined this with the hybrid preequilibrium decay model. This approach, therefore, assumes a semidirect process which lies between the direct and the statistical equilibrium assumptions. Lett. B 173, 392 (1986) .
IV. CONCLUSIONS

